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HbSC/HbSp* phenotype - 
median survival age 54.7 
HbSS/HbSgO/HbSD phenotypes - 
median survival age 48.0 
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Impaired Quality of Life in Sickle Cell Disease 
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| Patients on dialysis | 
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Risk-Benefit Paradigm for Curative Therapy for SCD 
* Age 
* Donor options 
* Other treatment options 


“ Potential for cure | e Risk for death 


* Freedom from * [reatment related 
risk of sickle complications 
complications * Long term effects 

* Improved 
survival 
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Patient Perspective on HCT for SCD 
* Almost three-quarters of patients, report being willing 
to take a modest risk of mortality and GVHD. 
* Factors impacting decision 
> Unacceptable disease burden due to complications, 
> Repeated need to seek healthcare, poor QoL 
> Recent worsening of disease-related complications, 
> Need to make a major therapeutic decision 
> Concerns about the long-term consequences of SCD 
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Children's S6BEiSPRERPY 
*Uses genes to treat or prevent disease. 


e Adding a healthy gene 
“Editing a normal gene to activate a silent gene 


* Replacing a mutated gene with a healthy copy of the 


gene. 
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Сепе Тһегару 
* Patient's own stem cells 
* Chemotherapy 
* No risk of GVHD 
* No prolonged immunosuppression 


• Stem cells being modified. 


Effectiveness not predictable 


e ?Long term risks due to virus, gene 


modification 
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BMT 


Donor’s stem cells 

Chemotherapy 

Risk of GVHD 

Prolonged immunosuppression 

Stem cells already functioning in donor. 
Effectiveness predictable 

No virus, no long-term risks due to 
gene modification 


? Long term risks due to chemotherapy 
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Talk with 


Болон who has Medicaid coverage. She has chronic pain and is tired 


treatment 
— often. She has been unable to work the past few years. After 
Learn about 
SL E going to the emergency department for severe pain, Maya 
- gene therapy | : ! : : de 
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and recovery at К 
«| treatment center: Care: 15 Years 
€ | 


EE days 
"d 


Optional D 
services W 
such as Fertility 
Preservation: 


several months it 
^ Access to care: Maya receives cutting-edge, transformative treatment for SCD. 
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Coordinated, whole-person care: Maya's care team works together to support 
her physical and behavioral health and social needs. 


Outcomes: Maya's quality of life vastly improves. She is able to work, enjoy her 
family, and engage in normal life activities. 
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Biologic and Clinical Efficacy of LentiGlobin for Sickle Cell Disease 
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DP, drug product; HSC, hematopoietic stem cell, PB, peripheral blood; RBC, red blood cell. 
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Outcomes of Lyfgenia Trials: Biologic Outcomes 


* All patients maintained stable HbA'®72 levels from 6 months to last follow-up and as far out as month 60 | 


87% of genetically made hemoglobin ( Hb'!979) ze 
All patients had stable levels of ( Hb7979) 


Median level of ( Hb'?79) was 40% 
(n=2) or died from causes not related to study drug (n=1) 
* 100% (33/33) of patients demonstrated a durable globin response through last follow-up 
Figure 5. HbA'*?? and total Hb levels 
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Ф Severe vaso-occlusive event Ф All other vaso-occlusive events 
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Changes in the Rate 
of VOE before and 
after Lyfgenia. 


e Severe VOEs median 3.5/year prior to 
gene therapy, zero post gene therapy 

e 90.9% of evaluable participants 
experienced complete resolution of 
vaso-occlusive events 

* Those with evaluable health-related 
quality of life (HRQOL) scores reported 


improvements in pain intensity, pain 


interference, 
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Outcomes of Lyfgenia Trials: Patient Reported 


Outcomes 


were noted in 5796, 64%, and 6496 of patients, respectively (Figure 4) 


Figure 4. Patient-reported outcomes: improvements in pain intensity, pain interference, and fatigue (PROMIS-57) 
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Biologic response 


- | P x . Figure 6. Hemolysis marker levels over time 
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* 16-year-old male with B5/B5 and a-thalassemia trait (-a3.7/-a3.7); noted to have low peripheral blood counts and marrow erythroid dysplasia at 
month 12 assessment in July 2021.1 Followed closely with serial blood counts and bone marrow morphologic and genetic testing 


* Patient was diagnosed with MDS in January 2023 (30 months after lovo-cel) by a local tumor board based on anemia, erythroid-restricted 
dysplasia, and clonality identified by karyotype 


* As of July 2023, patient's treating physician and family have elected to continue monitoring and not proactively treat for MDS 


Patient is clinically well; no VOEs post transplant 


Total Hb is stable >10 g/dL (10.1-11.3 g/dL) and there is no leukopenia or thrombocytopenia 
(January to October 2023) 


At 36 months post lovo-cel, only a single variant? of unknown significance was observed in 
bone marrow (frequency, =1.4%) 


No driver mutations or aneuploidy associated with MDS by RHP,” WES, or karyotype; 
FISH continues to show low-level aneuploidy in bone marrow 


Erythroid-restricted dysplasia consistent with stress dyserythropoiesis?; 
stable at 20%-25% from M12-M36 


Data as of October 2023. 


bluebird bio | LOVO-US-CR-0235 
> - * * > è à = а еф " é Ра = - Р " è " ` = May 2024 
1. Walters МС, et al. Presented at: ASH; Dec 10-13, 2022; New Orleans, LA. Oral presentation; abstract #11. 2. Kluk MJ, et al. J Мо! Diagn. 2016;18(4):507-515. 3. Misra S, et al. J Med Soc. 2023;37(1):1-8. 


LYFGENIA™ (lovotibeglogene autotemcel)- HGB-206 Group A: hematologic 
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Age, sex, history 


Cell source 
PB VCN, c/dg 
HbA!*?79, % 


Post therapy 


AML diagnosis 


Bone marrow karyotype 


Outcome 


* 42-year-old male 
* History of recurrent VOE 


BM 
0.1 
119 


* No VOEs 
* Persistent hemolysis 


e 3 years post treatment 
* Blasts: vector negative 


Multiple driver mutations 


Fatal (complications of AML) 


1. Hsieh MM, et al. Blood Adv. 2020;4(9):2058-2063. 2. bluebird bio, Inc. Data on file. 3. Kanter J, et al. Am J Hematol. 2023;98(1):11-22. 4. Goyal S, et al. N Engl J Med. 


2022;386(2):138-147. 


e 25-year-old female 
* History of recurrent VOE 


BM 
0.05 
4.3 


* Continued VOEs 

* Persistent hemolysis 

• 5.5 years post treatment 

* Blasts: vector positive 

* BB305 LVV insertion in VAMP4 
(no known role in AML) 


Multiple driver mutations 


Fatal (complications of AML) 


Data as of February 13, 2023. 
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SR 2M а Lu Reversal of Fetal Hemoglobin 
Suppression 


* Fetal hemoglobin switches to adult 
hemoglobin in the first few months 
of life 

e BCL11a is one the regulators of the 
repression of fetal hemoglobin 

* Mutations in regulators of BCL11a 
result in increased fetal hemoglobin 

иш ie Targeted suppression of BCL11a can 


result in increased HbF 
* HbF will inhibit sickling of HbS and 
alleviate manifestations of sickle cell 


disease 
Vijay G. Sankaran. Targeted Therapeutic Strategies for 
Fetal Hemoglobin Induction, Hematology Am Soc Hematol 


Educ Proc ram,- 2011 
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Medicine 


CRISPR (clustered 
regularly interspaced short 
palindromic repeats) 


Family of DNA sequences 
found within bacteria 
Derived from DNA fragments 
of viruses that have previously 
infected the bacterium 

Used to detect and destroy 
DNA from similar viruses 
during subsequent infections 
Key role in the antiviral 
defense system of bacteria 
Adapted to make changes 
(edit).genes in HSCs 


CRISPR (clustered regularly interspaced 
short palindromic repeats) 


* Family of DNA sequences found within bacteria 
* Derived from DNA fragments of viruses that have previously 
infected 
the bacterium 
* Used to detect and destroy DNA from similar viruses during 
subsequent infections 
* Key role in the antiviral defense system of bacteria 


* [his has been adapted tó make.changes ( edit) genes in 
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Treatment and Engraftment Results 


Number of mobilization cycles, median (range) 
Exa-cel dose: 10° x CD34* cells/kg, mean (range) 
Duration (months) of follow-up after exa-cel infusion?, mean (range) 
Neutrophil Engraftment? 
Time to neutrophil engraftment (days), median (range) 
Platelet Engraftment: 


Time to platelet engraftment (days), median (range) 


Full Analysis Set 
N = 44 


2.0 (1.00, 6.00) 
4.7 (2.9, 14.4) 


20.1 (0.8, 48.1) 


27.0 (15, 40) 


35.0 (23, 126) 


*Duration of follow-up include bot MB D- and MB- trials. "Defined as the first day of 3 consecutive measurement of absolute neutrophil count =500 cells/uL on З different days. ‘Defined as the first day of 3 consecutive 


measurement of unsupported (no platelet transfusion in last 7 days) platelet count =50,000/uL on З different days. 
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Clinically Meaningful and Durable Benefit - Free 
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(12.3 months) 


*participants who achieved VF12; tparticipants who did not achieve VF12; §participant who died from respiratory failure due to COVID-19 infection; not related to exa-cel. Data shown is based on the Full Analysis Set. 

exa-cel, exagamglogene autotemcel; HF12, proportion of participants free from in-patient hospitalization for severe VOCs for =12 consecutive months; PES, Primary Efficacy Set; VF12, proportion of participants free of severe 
VOCs for z12 consecutive months; RBC, red blood cell; 

VOC, vaso-occlusive crisis. 
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Current Results on Gene Editing (Casgevy) 


e Of the 44 patients with SCD who had received exa-cel at the time of the 
analysis, 31 patients were evaluable for the primary and key secondary 


endpoint 


* Of the 31 patients with sufficient follow-up time to be evaluable, 29 
(93.596) achieved this outcome. АП treated patients achieved successful 


engraftment with no patients experiencing graft failure or graft rejection. 


“ 95% of evaluable participants remained free from vaso-occlusive events at 
12 months and beyond, and quality of life measures also exhibited 


improvement from baseline. 


* one death due to COVID-19 respiratory failure, which was unrelated to exa- 


RUBY: An Open-label, Phase 1/2 Study to 
Evaluate the Safety, Tolerability, and Efficacy 
of EDIT-301 for Autologous Hematopoietic 
Stem Cell Transplantation in Subjects with 
Severe Sickle Cell Disease 


RUBY: An Open-label, Phase 1/2 Study to Evaluate 
the Safety, Tolerability, and Efficacy of EDIT-301 


* An autologous gene-edited cluster of differentiation (CD)34+ cell product 


e CD34- cells are edited using a ribonucleoprotein (RNP1904) that cleaves 
the genomic deoxyribonucleic acid (DNA) in the promoter CCAAT box 
region of y-globin genes (gamma 1 and gamma 2 [HBG2]) 


* Mutations (point mutations and the 13 bp HPFH deletion) in this region 
are associated with HPFH phenotype due to disruption of the cis- 


regulatory elements that bind y-globin repressors, such as BCL114A (Liu, 
2019). 


Liu N, Hargreaves VV, Zhu О, et al. Direct Promoter Repression by BCL11A Controls 
the Fetal to Adult Hemoglobin 5%їсћ:2С611`20'18;173(2):230-42. 


: Schematic of RNP1904 Target Sequence 
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PAM 13 bp deletion HPFH 


GTTTGCCTTGTCAAGGCT AGGCA 
CAAACGGAACAGTTCC TCCGT 
Target sequence CCAAT Y 


box cleavage 
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EDIT-301 


1. HBG1 апа HBG2-edited [ 2. HBG] and HBG2-edited 
T RBCs express elevated HbF, 


HSCs home and self-renew zh 
in the bone marrow preventing RBC sickling 


A 21 
por ye” ye? ye? age 
y= — a a aH 
В" CRISPR-indels proud па 


Indels promote LER- H8G1 
RBC and HAGA interactions at 
the expense of LCR- 
HARIR’) interactions. 


L 
Higher HbF:Hb5 ratio 
fibers prevents RBC sickling. 


HbF-fetal hemoglobin; HSC-hematopoietic stem cell; LCR=locus control region; RBC=red blood cell 
(Erythrocytes). 


EDIT-301 HSCs carry Саѕ1 2а , | | 
generated indels at the HSC y A 
HAGI and HBG2 promoters. ! 


= HSCs self-renew and give 

rise to HBG1 and HBG2- 

edited erythroid progenitors. 
^, 
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Preliminary Data 


* well-tolerated and demonstrated a safety profile consistent with 
myeloablative conditioning with busulfan and autologous 
hematopoietic stem cell transplant by all patients in the RUBY and 
EdITHAL trials (п=17). 


* All treated patients with >2 months follow-up demonstrated 
successful neutrophil engraftment within one month and platelet 
engraftment within 1.6 months. No serious adverse events (SAEs) 
related to reni-cel treatment have been reported. 


* All treated patients are free of VOEs since reni-cel infusion. 


* Reni-cel treatment drives early, robust increase of total hemoglobin 
and fetal hemoglobin. 


* Patients with z5 months follow-up have maintained a normal 
hemoglobin level and a fetal hemoglobin level of >40% (n=6; range 
5-18 months follow-up). 

* All patients with >1 month of Follows "up foilowed a similar trajectory of 


Ce ESPERN A] ы җе а ОРО [рр cC——— ПОБ СН ПИЕРО А E T lc Lg P vmm ptm lfa _ 1A 


RESULTS: BASELINE CHARACTERISTICS, INFUSION, AND ENGRAFTIVIENT 


Table 2. RUBY and EdiThal patient demographics, baseline characteristics, and reni-cel 


* The demographics infusion and engraftment 
and baseline 


SCD patients (N=11*) TUT patients (N=6") 

characteristics of Demographics and baseline chanaclerialics 
Patents 1-11 атаве 
pipers lcg or 
= Ов TS 
described їп Von gs _ 0 OO 
mem r1crc-———— —a 

4 (667) 
High levels of 188 (0.9) 
editing were Severe VOEs, pre-study annual rate", mean (SD) " 
observed in | | | | | MAN RE 1623 (51.9) 
patient peripheral 
blood nucleated T.T (2:2) 
cells and bone 4.1 (2:3) 
marrow-derived 
CD34* cells 
post-reni-cel l 
infusion Cum patent win TOT had 36 days offolow-up after infusion as of he data cut: песто was engrafted but piste engratment was not achieved yet; pisteet engraftment values are 


= based on n»5. Monee includes ВО (ps 3) and BEI [nz 11. The pre-ztud»y period I defined ac. the 2-year period prior to nomed consent "Three consecutve measurements 


te neurochi count (ANC) 20.5 Х iD. Three conszecuthe measurements with platelet coant 250 E TPL (8:750 and z2D X 309L (TOT) saringat least 7 days after fie platelet 
on, and 10 d after ambapo TEO). No TPO was used Tor patent is after reni-cel infusion. 
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RESULTS: RUBY EFFICACY 

* Compared with a mean (SD) of 4.0 (1.4) severe VOEs/year in the 2 years before enrollment (n=10), all patients are 
completely VOE-free post-reni-cel infusion (Figure 1) 
Figure 1: Vaso-occlusive events (VOEs) 
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Left panel ends at informed consent date. Aight panel starts at infusson date. Due to limited Tolow up period ater dosing, Patient 11 was not included. Day D" Is he day of informed consent Day 0* bs fe day nicel 
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* Following reni-cel infusion, mean total Hb levels rapidly increased from baseline (Figure 2) 
* Mean (SD) percentage of HbF was 47.79 (4.2; n-6) by Month 4 and was sustained above 40% through last follow-up 
* All patients achieved normal Hb levels by Month 5 
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RESULTS: EDITHAL EFFICACY 

* Following reni-cel infusion, mean total Hb increased (Figure 3); all patients maintained Hb levels above 
the transfusion threshold at last follow-up 

* After receiving the last RBC transfusion at 0.5—2 2 months post-reni-cel infusion, all 5 patients have 
been transfusion-free for a range of 1.8—/.5 months 


Figure 3: Total hemoglobin (Hb) and fetal hemoglobin (HbF) 
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* [he safety profile of 


reni-cel in patients 


with SCD or TDT was 


consistent with 
myeloablative 
conditioning with 
busulfan and 
autologous 
hematopoietic stem 
cell transplantation 


Мо senous TEAEs 
related to reni-cel 
were reported after 
reni-cel infusion 
(Table 3) 


RESULTS: RENI-CEL SAFETY 


Any serious TEAE related to reni-cel 
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Table 3. Summary of treatment-emergent adverse events (TEAEs) 


ы, NCLUSIONS 


Heni-cel showed promising results for gene editing of the y-globin gene (HBG 1 and HBG2) promoters 
to induce HbF expression in both SCD and TDT patients and is the first clinical use of AsCas12a 


* All patients with SCD are VOE-free post-reni-cel infusion with improvements in key markers of 
hemolysis and increases in the percentage of F-cells 

* Patients with SCD experienced rapid normalization of Hb, with increases in HbF sustained above 40% 

* All patients with ТОТ maintained Hb levels above the transfusion threshold and are transfusion-iree 

* Data from patients with 21 month to 18 months of follow up demonstrated early engraftment and a 
favorable safety profile 

* These data from additional treated patients and of longer duration build on strong clinical evidence that 
support further investigation of reni-cel 
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Patient Issues for Consideration 


* Awareness, Access, Acceptance remain major barriers 

* Chronic pain syndrome, peripheral and central sensitization 
* Anxiety, Depression and other comorbidities 

* Maybe related to and interact with sickle complications 

* Family issues, again related to all of the above 

* Multidisciplinary intervention, consistency, repetition 

* Months long build up to gene therapy is an opportunity 

* Goal: day 60 post transplant, pain medicine free. 


“Live life to the fullest free of pain, free of pain meds, free of restrictions and limitations 


caused by sickle cell 


